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\S 1.
, derivative nonlinear Schr\"odinger equation (DNLS):
$i\partial_{t}u+\partial_{x}^{2}u+i\partial_{x}(|u|^{2}u)=0$ , $(t, x)\in \mathbb{R}\mathrm{x}\mathbb{R}$ (1)
. DNLS
( [13, 14]). , (
$[10, 11])$ , , . DNLS
, $H^{1}(\mathbb{R})$ . ,
$u_{0}\in H^{1}(\mathbb{R})$ $||u_{0}||_{L^{2}}^{2}<2\pi$ , DNLS
$([7, \mathrm{S}, 9,19])$ , $||u_{0}||_{L^{2}}^{2}\geq 2\pi$
,
, DNLS $H^{s}(\mathbb{R})$ $s<1$
([1, 21, 22]).
, DNLS(1) , $u_{\omega,\mathrm{c}}(t, x)$
$= \phi_{\omega,\mathrm{c}}(x-ct)\exp\{\mathrm{i}\omega t+\mathrm{i}\frac{c}{2}(x-ct)-\frac{3}{4}\dot{\iota}$ $I_{-\infty}^{x-ct}|\phi_{\omega,c}(\eta)|^{2}d\eta\}$ (2)
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$- \partial_{x}^{2}\phi+(\omega-\frac{c^{2}}{4})\phi+\frac{c}{2}|\phi|^{2}\phi-\frac{3}{16}|\phi|^{4}\phi=0$ , $x\in \mathbb{R}$ (4)
. , .
1 $c^{2}<4\omega$ $(\omega, c)\in \mathbb{R}^{2}$ , DNLS (1)
$u_{u)c},(t)$ . , $\epsilon>0$ ,
$\delta>0$ : $u_{0}\in H^{1}(\mathbb{R})$ $||u_{0}-u_{\omega,c}(0)||_{H^{1}}<\delta$
, $u(0)=u_{0}$ DNLS (1) $u(t)$
$\sup_{t\geq 0}\inf_{(\theta,y\mathbb{R}^{2}}||u(t)-e^{i\theta}u_{\omega,c}$ ( $t,$ $\cdot$ $y$ ) $||_{H^{1}}<\in$ .
I Guo and Wu [6] , $c<0$ $c^{2}<4\omega$ , $u_{=c}(t)$
, $c\geq 0$ . $\lfloor$$6$] ,
Grillakis, Shatah and Strauss[5]
, ([6, Theorem
2]) . ,




. $w_{\omega,c}(t)$ , $c<0$ , $\omega>c^{2}/4$




, $\omega\mapsto||\phi_{\omega,\mathrm{c}}||_{L^{2}}^{2}$ , $c<0$ , $c>0$
, Grillakis, Shatah and Strauss [5] , $c\neq 0$
, \sim $\geq 0$ ,
, $w_{\omega,c}(t)$ $([23, 1\mathrm{S}])$ .
3 , $u_{0}\in H^{1}(\mathbb{R})$ $||u_{0}||_{L^{2}}^{2}<2\pi=$
$||\phi_{\omega,0}||_{L^{2}}^{2}$ , DNLS (1)
, $||u_{0}||_{L^{2}}^{2}\geq 2\pi$
$t\in \mathbb{R}$ , $||u_{\omega,c}(t)||_{L^{2}}^{2}=||\phi_{\omega,c}||_{L^{2}}^{2}$
, $c<0$ $||\phi_{\omega,\mathrm{c}}||_{L^{2}}^{2}<2\pi$. , $c>0$ $2\pi<||\phi_{\omega,c}||_{L^{2}}^{2}<4\pi$
. 1 , $c\geq 0$ DNLS (1) $u_{\omega,c}(t)$
,
.




$\mathrm{i}\partial_{t}u+\partial_{x}^{2}u+i\lambda|u|^{2}\partial_{x}u+\mathrm{i}\mu u^{2}\partial_{x}\overline{u}\text{ }a|u|^{2}u+b|u|^{4}u=0$ (5)
. , $\lambda,$ $\mu,$ $a,$ $b\in \mathbb{R}$ . DNLS (1) , (5)
$\lambda=2,$ $\mu=1,$ $a=b=0$ .
$\nu\in \mathbb{R}$ , gauge $G_{\nu}$ : $H^{1}(\mathbb{R})arrow H^{1}(\mathbb{R})$
$G_{\nu}(u)(x)=u(x) \exp(\nu i\int_{-\infty}^{x}|u(\eta)|^{2}d\eta)$ (6)
. , $v(t)=G_{\nu}(u(t))$ , (5) ,
$\mathrm{i}\overline{\sigma}tv+\partial_{x}^{2}v+\mathrm{i}\tilde{\lambda}|v|^{2}\partial_{x}v$ i\mu \tilde v2\partial xv- $a|v|^{2}v$ $\tilde{b}|v|^{4}v=0$ (7)
. ,
$\tilde{\lambda}=\lambda-2\nu$, $\tilde{\mu}=\mu-2_{l/}$, $\tilde{b}=b$ $\nu(\nu+\frac{\lambda}{2}-\frac{3}{2}\mu)$
11
Gauge (6) , Schr\"odinger (5)
( [7, 8, 9, 19, 21, 22]), ,
(7) $\nu$ .




, (8) $\partial_{t}v=$ -iE’( ,
. , $Q$ $P$
$Q(v)= \frac{1}{2}||v||_{2}^{2}$ , $P(v)=- \frac{1}{2}{\rm Im}\int_{\mathbb{R}}\overline{v}\partial_{x}vdx$
, $E,$ $Q$ , P- (8) .
, (8) $v(t, x)=e^{i\omega t}\varphi(x-ct)$
. , $(\omega, c)\in \mathbb{R}^{2}$ , $\varphi\in H^{1}(\mathbb{R})$
$-\partial_{x}^{2}\varphi+\omega\varphi+\mathrm{i}c\partial_{x}\varphi-\mathrm{i}|\varphi|^{2}\partial_{x}\varphi=0$, $x\in \mathbb{R}$ (9)
. , $S_{\omega,\mathrm{c}}$ : $H^{1}(\mathbb{R})arrow \mathbb{R}$
$S_{\omega,c}(v)=E(v)$ $\omega Q(v)$ $cP(v)$
$=$ $\frac{1}{2}||\partial_{x}v||_{2}^{2}\text{ }\frac{\omega}{2}||v||_{2}^{2}-\frac{c}{2}{\rm Im}\int_{\mathbb{R}}\overline{v}\partial_{x}vdx\text{ }\frac{1}{4}{\rm Im} f_{\mathbb{R}}|v|^{2}\overline{v}\partial_{x}v.dx$
, (9) $S_{\omega,c}’(\varphi)=0$ . , $S_{\omega,c}$
\mbox{\boldmath $\varphi$}, , $\varphi\in \mathcal{G}_{\omega,c}$ , $e^{i\omega t}\varphi(x-ct)$ (8)
. , (9) , (9)
$\phi(x)=G_{1/4}(\varphi)(x)\exp(-\frac{c}{2}\mathrm{i}x)$ (10)
$-\partial_{x}^{2}\phi$ $( \omega-\frac{c^{2}}{4})\phi$ $\frac{1}{2}$ ${\rm Im}( \overline{\phi}\partial_{x}\phi)\phi+\frac{c}{2}|\phi|^{2}\phi-\frac{3}{16}|\phi|^{4}\phi=0$ (11)
12
. $c^{2}<4\omega$ , (3) $\phi_{\omega,c}$ (4)
, $\phi_{\omega,c}$ (11) . ,
$\varphi_{\omega,c}(x)=\phi_{\omega,c}(x)\exp(\frac{c}{2}\mathrm{i}x-\frac{\mathrm{i}}{4}\int_{-\infty}^{x}|\phi_{\omega,\mathrm{c}}(\eta)|^{2}d\eta)$ (12)
(9) . , $v_{\omega,c}(t, x):=e^{\dot{0}\omega t}\varphi_{\omega,c}(x-ct)$ (8)
, (2) $u_{\omega,c}(t)=G_{-1/2}(v_{\omega,c}(t))$ DNLS (1)
.
, , (4) (11)
, , (11) $\phi\in H^{1}(\mathbb{R})$ (4) . $f={\rm Re}\phi$ ,
$g={\rm Im}\phi$ ,
$A( \phi)=(\omega-\frac{c^{2}}{4})+\frac{1}{2}{\rm Im}(\overline{\phi}\partial_{x}\phi)$ $\frac{c}{2}|\phi|^{2}-\frac{3}{16}|\phi|^{4}$
, $A(\phi)$ , $f”=A(\phi)f,$ $g”=A(\phi)g$ .
, ${\rm Im}(\overline{\phi}\partial_{x}\phi)=fg’-f’g$ , $\partial_{x}{\rm Im}(\overline{\phi}\partial_{x}\phi)=fg’’-f’’g=0$ .





$\mathcal{G}_{\omega,\mathrm{c}}=$ { $e^{i\theta}\varphi_{\omega,c}$ (. $y$ ) : $(\theta,$ $y)\in \mathbb{R}^{2}$ }.
$G_{\nu}$ ; $H^{1}(\mathbb{R})arrow H^{1}(\mathbb{R})$ , (1) $u_{\omega,c}(t)=$
$G_{-1/2}(v_{\omega,c}(t))$ , (8) $v_{\omega,\mathrm{c}}(t)$ .
\S 3. $v_{\omega,c}(t)$
, (8) $v_{\omega_{1}c}(t, x)=e^{i\omega t}\varphi_{\omega,c}$ (x-ct)
. , $c^{2}<4\omega$ $(\omega, c)\in \mathbb{R}^{2}$ , $d(\omega, c)=S_{\omega,c}(\varphi_{\omega,c})$
. $d(\omega, c)$ , .
13
3 $c_{0}^{2}<4\omega_{0}$ . $\langle$ $d’(\omega_{0}, c_{0}),$ $\xi\}\neq 0$ $\langle d’’(\omega_{0}, c_{0})\xi, \xi\rangle>0$
$\xi\in \mathbb{R}^{2}$ , (8) $v_{u\prime 0,\mathrm{c}_{0}}$ $(t)$
.
, $S_{\omega,c}’(\varphi_{\omega,c})=0$ , 0, $d(\omega, c)=Q(\varphi_{\omega,c})>0,$ $\partial_{c}d(\omega, c)=$
$P(\varphi_{\omega,c})$ . 3 , .
4 $c_{0}^{2}<$ 0 . $\det[d’’(\omega_{0}, c_{0})]<0$ $\partial_{\omega}^{2}d(\omega_{0}, c_{0})>0$
, (8) $v_{\omega_{0},\mathrm{c}\mathrm{o}}(t)$ .
$v,,c(t)$ 4 5 . , $c<0$
$\ovalbox{\tt\small REJECT} d(\omega, c)>0$ , , $c\geq 0$ $\partial_{\omega}^{2}d(\omega, c)\leq 0$
, , .
5 $c^{2}<4\omega$ $(\omega, c)$ ,
$Q(\varphi_{\omega,c})=4\tan^{-1}\sqrt{\frac{2\sqrt{\omega}\text{ }c}{2\sqrt{\omega}-c}}$ , $P(\varphi_{\omega,c})=\sqrt{4\omega-c^{2}}$ ,
$\det[d’’(\omega, c)]=-\frac{1}{\omega}<0$ .
5 , $\varphi$ (12), (3) ,
. 3 , .
\S 4. \mbox{\boldmath $\varphi$}\mbox{\boldmath $\omega$},
3 , \mbox{\boldmath $\varphi$}\mbox{\boldmath $\omega$}, . ,







, $K_{\omega,c}(u)=\partial_{\lambda}S_{\omega,c}(\lambda u)|_{A=1}$ . , $v\in \mathcal{G}_{\omega,c}$
$S_{\omega,c}’(v)=0$ , $K_{\omega,c}(v)=0$ . ,
$\mu(\omega, c)=\inf\{S_{\omega,c}(u) : u\in H^{1}(\mathbb{R})\backslash \{\mathrm{O}\}, K_{\omega,\mathrm{c}}(u)=0\}$ . (13)
,
$\mathcal{M}_{\omega,c}=\{\varphi\in H^{1}(\mathbb{R})\backslash \{0\} : S_{\omega,c}(\varphi)=\mu(\omega, c), K_{\omega,\mathrm{c}}(\varphi)=0\}$
. , .
6 $\{u_{n}\}\subset H^{1}(\mathbb{R})$ $S_{\omega,c}(u_{n})arrow\mu(\omega, c))K_{\omega,c}(u_{n})arrow 0$
, $\{y_{n}\}\subset \mathbb{R},$ $v\in \mathcal{M}_{\omega,c}$ , $\{u_{n}(\cdot-y_{n})\}$ $v$ $H^{1}(\mathbb{R})$
.
6 , ,
, Thohhch, Lieb and Loss [4], Lieb [12],
Br\’ezis and Lieb [2] 7, 8 . 7, 8
, $[15, 18]$ .
7 $\{f_{n}\}$ $H^{1}(\mathbb{R})$ , $\lim\sup_{narrow\infty}||f_{n}||_{p}>0$
$p\in(2, \infty)$ . , $\{y_{n}\}\subset \mathbb{R},$ $f\in H^{1}(\mathbb{R})\backslash \{0\}$
, { $(\cdot+y_{n})$ } $f$ $H^{1}(\mathbb{R})$ .
8 $1\leq p<\infty$ , $\{f_{n}\}$ $L^{p}(\mathbb{R})$ . ,
$f_{n}arrow f\mathrm{a}.\mathrm{e}$ . in $\mathbb{R}$ , $||f_{n}||_{p}^{p}$ $-||f_{n}-f||_{p}^{\mathrm{p}}-||f||_{p}^{\mathrm{p}}arrow 0$ .
, (12) (9) $\varphi_{\omega,c}$ (13)
4
9 $c^{2}<4\omega$ , $\mathcal{M}_{1d,\mathrm{C}}=\mathcal{G}_{\omega,c}$. , $d(\omega, c)=\mu(\omega, c)$ .
, $\mathcal{M}_{\omega,c}\subset$ \mbox{\boldmath $\varphi$}, . $\varphi\in \mathcal{M}_{\omega,c}$ , Lagrange
$\lambda\in \mathbb{R}$ , $S_{\omega,c}’(\varphi)=\lambda K_{\omega,c}’(\varphi)$ . ,
$0=K_{\omega,\mathrm{c}}(\varphi)=\langle S_{\omega,c}’(\varphi), \varphi\rangle=\lambda\langle K_{\omega,c}’(\varphi), \varphi\rangle$.
15
, $K_{\omega,c}(\varphi)=0$ , $\langle K_{\omega,c}’(\varphi), \varphi\rangle=2L_{\omega,c}(\varphi)-4N(\varphi)=-2L_{\omega,\mathrm{c}}(\varphi)$
, $L_{ld,\mathrm{C}}(\varphi)>0$ , $\lambda=0$ . , $\varphi\in \mathcal{G}_{\omega,c}$ . , $\lambda 4_{\omega,c}\subset \mathcal{G}_{\omega,\mathrm{c}}$ .
, 2 .
\S 5. 3
\S 4 Shatah [20] ,
3 ([16] ). Shatah [20] ,
Klein-Gordon $e^{i\omega t}\phi_{\omega}(x)$ .
1 $\omega$ , , 2 $(\omega, c)$
.
, $c^{2}<4\omega$
$A_{\omega,c}^{+}=\{v\in H^{1}(\mathbb{R})\backslash \{0\} : S_{\omega,\mathrm{c}}(v)<d(\omega, c), K_{\omega,c}(v)>0\}$,
- $=\{v\in H^{1}(\mathbb{R})\backslash \{0\} : S_{\omega,c}(v)<d(\omega, c), K_{\omega,\mathrm{c}}(v)<0\}$ ,$\omega,c$
$B_{\omega,c}^{+}=\{v\in H^{1}(\mathbb{R})\backslash \{0\} : S_{\omega,c}(v)<d(\omega, c), N(v)<4d(\omega, c)\}$ ,
$B_{\omega,c}^{-}$ $=\{v\in H^{1}(\mathbb{R})\backslash \{0\} : S_{\omega_{:}c}(v)<d(\omega, c), N(v)>4d(\omega, c)\}$ ,
, $S_{\omega,c}$ (8) $d(\omega, c)=\mu(\omega, c)$
, $A_{\omega,c}^{+}=\mathcal{B}_{\omega,c}^{+},$ $A_{\omega,c}^{-}=B_{\omega,c}^{-}$ , $B_{\omega,c}^{\pm}$ (8)
, , B\mbox{\boldmath $\omega$}\pm , (8)
, $B_{\omega,c}^{\pm}$ .
, $\xi=(\xi_{1}, \xi_{2})\in \mathbb{R}^{2}$ 3 , $\tau=0$
, $h(\tau)=d((\omega_{07}c_{0})+\tau\xi)$ , , 3 ,
$h’(0)=\langle d’(\omega_{0}, c_{0}), \xi\rangle\neq 0,$ $h”(0)=\langle d’’(\omega_{0}, c_{0})\xi, \xi\rangle>0$ .
, $h’(0)>0$ . , $\epsilon_{0}>0$ , $|\tau|<\epsilon_{0}$
, $h’(\tau)>0,$ $h”(\tau)>0$ . 3 , .
10 $\epsilon\in(0, \epsilon_{0})$ , $\mathit{5}>0$ , $u_{0}\in H^{1}(\mathbb{R})$
$||u_{0}-\varphi_{\omega_{0},c\mathrm{o}}||_{H^{1}}<\delta$ , $u_{0}$ (8)
$u(t)$ , $4h(-\epsilon)<N(u(t))<4h(\epsilon)$ .
$\iota\epsilon$
$h$ , $h(-\epsilon)<h(0)<h(\epsilon)$ . , $K_{\omega_{0},c_{\text{ }}}(\varphi_{\omega_{0},c_{0}})=$
$0$ , $4h(0)=4d(\omega_{0}, c_{0})=4S_{\omega_{0},c_{0}}(\varphi_{\omega_{0},c_{0}})=N(\varphi_{\omega_{0},c_{0}})$ . , $||u_{0}-$
\mbox{\boldmath $\varphi$} , $c$ $H^{1}<\delta$ , $4h(0)=N(u_{0})$ $O(\delta)$ , $\delta$
$4h(-\epsilon)<N(u_{0})<4h(\epsilon)$ . , $h(\pm\epsilon)=d((\omega_{0}, c_{0})\pm\epsilon\xi)$ $B^{\pm}$
$\omega 0,c_{0}$
(8) , $||u_{0}-\varphi_{\omega_{0},c0}||_{H^{1}}<\delta$
$S_{\langle\omega_{0},c_{0})\pm\epsilon\xi(u_{0})}<h(\pm\epsilon)$ . $\xi=(\xi_{1}, \xi_{2})$ ,




, Taylor , $\tau_{1}=\tau_{1}(\epsilon)\in(-\in 0, \in 0)$ ,
$h( \pm\epsilon)=h(0)\pm\epsilon h’(0)+\frac{\epsilon^{2}}{2}h’’(\tau_{1})$ .
, $h”(\tau_{1})>0$ , $\delta$ , $g_{(\omega_{0},\mathrm{c}_{0})\pm\epsilon\xi(u_{0})}<h(\pm\epsilon)$
.
, 3 .
3 . (8) $v_{\omega_{0},c_{0}}(t)$
. , $\epsilon_{1}>0,$ (8) $\{u_{n}\}$
$\{t_{n}\}\subset(0, \infty)$ ,
$u_{n}(0)arrow\varphi_{\omega_{0},c_{0}}$ in $H^{1}(\mathbb{R})$ , (14)
$\inf$ $||u_{n}(t_{n})-e^{i\theta}\varphi_{\omega_{0},c_{0}}(\cdot+y)||_{H^{1}}\geq\epsilon_{1}$ . (15)
$\{\theta,y)\in \mathbb{R}^{2}$
, $S_{\omega_{0},c_{0}}$ (8) , (14) ,
$S_{\omega_{0},c_{0}}(u_{n}(t_{n}))=S_{\omega_{0},c_{0}}(u_{n}(0))arrow S_{\omega_{0\prime}c_{0}}(\varphi_{\omega_{0},\mathrm{c}_{0}})=d(\omega_{0}, c_{0})$ . (16)
, (14) 10 , $N(u_{n}(t_{n}))arrow 4d(\omega_{0}, c_{0})$ ,
$K_{\omega_{0},c\mathrm{o}}(u_{n}(t_{n}))=2S_{\omega_{0},\mathrm{c}_{0}}(u_{n}(t_{n}))- \frac{1}{2}N(u_{n}(t_{n}))arrow 0$ . (17)
17
(16), (17) 6 , $\{y_{n}\}\subset \mathbb{R}$ $v\in \mathcal{M}_{\omega_{0},\mathrm{c}_{0}}$ , $\{u_{n}(t_{n},$ $\cdot+$
$y_{n})\}$ $v$ $H^{1}(\mathbb{R})$ .
, 2 9 ,
$\inf_{(\theta,y)\in \mathrm{R}^{2}}||u_{n}(t_{n})-e^{i\theta}\varphi_{\omega_{0},c_{0}}(\cdot+y)||_{H^{1}}arrow 0$
, (15) . , (8) $v_{\omega_{0},c_{0}}(t)$
.
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